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Abstract—The purpose of the study is; to evaluate a game developed by us-
ing virtual reality technology in the teaching of fractions which is one of the 
most difficult topics in the fourth-grade mathematics curriculum, according to 
the opinions of pupils. An educational virtual reality game (Keşfet Kurtul) was 
developed for the study. During the development of the game, the ideas of ex-
perts were utilized and flow theory was taken into account. The educational vir-
tual reality game was developed in the light of the flow theory. The research 
was carried out in a school in Samsun with 4th grade pupils. The game was 
evaluated by the pupils in terms of overall evaluation, challenge-skills balance, 
concentration on the task, clear goals, sense of control, action-awareness merg-
ing, loss of self-consciousness, transformation of time, unambiguous feedback 
and autotelic experience. As a result, the educational virtual reality game Keşfet 
Kurtul is a digital learning environment that pupils enjoyed a lot. It has been de-
termined that all tasks except the "radio" task, and in general the game itself, 
provide flow experience. It is proposed to redesign just one task of the game in 
terms of challenge-skills balance and clear goals. It's suggested that in experi-
mental studies, different variables can be examined. 
Keywords—Virtual reality, digital educational games, fractions, primary 
school education, educational technology 
1 Introduction 
The rapid development of technology provides convenience to many people and 
the use of this technology has been expanding quite rapidly in recent years. In educa-
tion, which is one of these areas, the rate of technology usage is also increasing. Many 
researchers are studying new technologies that can be used in the educational envi-
ronment. Therefore, the educational dimension of virtual environments is also gaining 
importance. 
1.1 Virtual environment 
Virtual environments, with physical structures and backgrounds, create a feeling of 
being in the desired mental environment. Virtual environments motivate students to 
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discover more and make students become self-confident, exploratory individuals [34]. 
Virtual reality (VR) brings impressive experiences to the user in a virtual environment 
[18, 36]. With the development of low-cost computer graphics, virtual reality, which 
is rapidly becoming popular as an educational tool [9, 37], is one of the most powerful 
technologies that has the potential to be actively used in education [8, 35]. VR teach-
ing environments provide experiences that can positively influence teaching achieve-
ments [17, 35]. Multimedia, such as VR, can be applied in units of mathematics to 
increase the academic achievement of students [13]. VR contributes to learning by 
providing opportunities to discover and experience unattainable situations such as 
distance, time, price and security [8]. VR allows students to learn at their own pace 
and supports the constructivist paradigm [4]. According to these studies, it would be 
beneficial to use VR in education. However, VR applications to be used in education 
need to have certain properties. Çavaş, Çavaş and Taşkın [12] grouped and defined 
the properties of VR environments used in education. According to this definition, the 
properties that VR environments should have are; 
• Interaction: The student must be able to interact with the object in the VR envi-
ronment and to engage with the objects. 
• Attracting the attention of the learners: The students are generally focused on 
the subject in VR environments. 
• Story Flexibility: In the context of VR, subjects must have a narrative feature. 
• Experiential: Students should be able to gain experience in the activities they 
perform through VR environments. 
• Attention to the senses: The systems should provide persistence by stimulating as 
many emotions as possible for the students. 
Tan and Waugh [33] stated that the visualization exercises with VR helped to in-
crease understanding whilst stimulating interest and engagement. Because of this VR 
serves to bring about significant improvements in achievement scores [33]. VR appli-
cations can be used as a tool to facilitate teaching and to enhance the achievement of 
students [2]. 
In the virtual environment, there are points to be aware of while preparing the sce-
nario of educational games. The scenario must be based on true stories or as close to 
one of them as possible [1]. In addition, details should be planned as the student pro-
gresses through the scenario [5]. The key points to note in the scenario for software 
are as followings [6]; 
• A realistic / convincing scenario 
• Taking into account all possible situations that can occur, placing these possible 
situations in the scenario 
• Providing the details that the learner will need in the decision-making process 
• Use of appropriate visualizations 
• Feedbacks  
• Have appropriate examples for situations where comparisons are used  
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In the design of the tasks involved in the contents of the scenario, the following 
must be observed [30]:  
• Targets must be clear and understandable 
• Tasks should be presented in a manner appropriate to the nature of the story 
• It should include goals that can be adopted by the students and thus motivate the 
student 
• Tasks should include different activities 
• The achievement of the tasks must depend on the targeted skills 
• Students should think that they can do the next task at the end of each task 
• There must be alternative ways to achieve the goal 
• If the student has a problem about completing the task, s/he should be able to return 
to the previous stage or try a different task 
1.2 Theoretical framework 
In addition to scenario, tasks and virtual environment design, it is also important 
that educational digital games provide a flow experience. The flow experience is the 
mental state in which the person is involved in the action [10]. Flow experience is a 
positive and beneficial experience for the student because the student has the ability to 
develop his or her own skills and abilities as well as the action s/he is doing [10]. 
Csikszentmihalyi’s Flow Theory consist of nine elements: 
• Challenge – skills balance 
• Action – awareness merging 
• Clear goals 
• Unambiguous feedback 
• Concentration on the task 
• Sense of control 
• Loss of self-consciousness 
• Transformation of time 
• Autotelic experience.  
When designing a VR game, it is important that the flow experience, scenarios, 
tasks and virtual environment properties meet the criteria. With a VR game that meets 
the criteria, it would be sensible to use it in subjects that pupils have a learning disad-
vantage. Fractions, which is one of the most difficult subjects in primary school, is 
suitable for using educational VR games. 
1.3 Fractions 
Fraction is a concept that indicates the relationship between a whole and a piece of 
it [28]. When we look at the fourth-grade mathematics program in primary school, 
fractions account for about 20% of the mathematics program [19]. Fractions is one of 
the most difficult mathematics topics for both teachers and pupils [27, 7, 21]. Pupils 
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learn the operations with fractions every year, but soon forget them. The reasons for 
the pupils’ inability to permanently learn fractions and operations with fractions are 
that they try to memorize formulas and algorithms instead of fractions and think of 
numerators and denominators of fractions as two distinct integers [32]. One of the 
most important reasons why the subject of fractions cannot be learned is that the child 
tries to apply the learned rules about exact numbers to operations with fractions [31]. 
It is stated that difficulties in learning fractions, are seen at every class level based on 
the concept of fractions [27]. It seems that pupils have difficulties in learning subjects 
like operations with fractions, understanding of the concept of fractions, sorting in 
fractions and showing fractions on the number line.  
Research has shown that primary school pupils have difficulty in expressing pieces 
as fractions [22]. It has been found that pupils have difficulty in understanding that 
they express a single fraction as a whole. It has been seen that the pupils interpret the 
numerator and denominator as two different numbers with different values. Therefore, 
it is determined that they have difficulty in operations with fractions [14]. Pupils add 
the numerator and denominator in the same fraction and write the result as a natural 
number in the adding operations with fractions [29]. Similarly, while performing 
subtraction, it is known that they are substracting small numbers from large numbers 
and reach the wrong result [28]. Researches show that pupils order fractions like natu-
ral numbers [14]. It was determined that they cannot write the appropriate fraction to 
the points specified on the number line and they were not able to divide the whole into 
parts [29, 28]. The elimination of these learning difficulties that pupils are experienc-
ing about fractions has a great prospect in terms of the mathematical topics they will 
learn in the future. It is stated that these learning difficulties arise in situations espe-
cially where visualization has not been done [27]. Under these circumstances, the 
importance of visualization in the subject of fractions arises. It is effective and useful 
for pupils to encounter different problem situations in order to understand the frac-
tions in different situations [14]. The use of some models makes it easier to learn the 
concept of fractions. This is useful in operations with fractions for pupils [7]. If frac-
tions and the concepts are well understood and the operations with fractions can be 
done meaningfully by the pupils in the primary school, the pupils will gain knowledge 
which they can use in their future mathematics learning, other lessons and daily life 
[3]. In this case, it can be said that understanding fractions in a meaningful way con-
tributes not only to the success of mathematics but also to the success of the pupil in 
other fields. 
The purpose of this research is to evaluate the game developed by using VR tech-
nology in the teaching of fractions which is one of the topics with the most learning 
difficulties among fourth-grade mathematics subjects, according to the opinions of 
pupils. For this purpose, the research question was set as “How do pupils interpret the 
experience they have with the educational virtual reality game according to the flow 
theory?”. 
124 http://www.i-jet.org
Paper—Pupils’ Opinions on an Educational Virtual Reality Game in Terms of Flow Experience 
2 Materials and Methods 
2.1 Participants 
In the study, purposive sampling was applied to select pupils to gain insight and in-
depth understanding about their perceptions of the game. The educational VR game 
was used in two 4th grade classes in a private school in Samsun, Turkey. These clas-
ses, which have teachers with similar educational experience, have taught the same 
content in lessons. Semi-structured interviews were held with five participant pupils 
in these classes. Attention was paid to the pupils’ willingness to have an interview. 
Explanations have been made to the pupils about the confidentiality of their interview 
records. The interviewed pupils were nine years old which was the average age of the 
class. 
2.2 The educational virtual reality game (Keşfet Kurtul) 
Keşfet Kurtul (meaning Explore to Survive) was the name given to the educational 
VR game used in the study. During the development of the game, the ideas of experts 
in the field of games and mathematics were utilized. In addition, opinions were re-
ceived from mathematics and primary school teachers. 
Scenario: The pupil gets on a cargo plane to the Space Agency, then the plane 
takes off. The plane starts to fall and someone places the pupil in safe-boxes with 
important items. These safe-boxes are opened with passwords. Then the pupil finds 
him/herself in a safe-box. The pupil needs to solve the password of the box by re-
sponding correctly to the 3 questions on the subject of fractions. After unlocking the 
box, the box opens and the pupil finds him/herself on an island. There are other boxes 
on the island. The pupil opens these boxes one by one and collects materials from 
each box. These materials will be used for completion of further tasks. Another island 
is nearby. The wreckage of the plane stands on that island. One of the tasks is go to 
that island where the plane is. A raft has to be built to cross that island. Another task 
is building a tent to stay at night. The pupil completes tasks like this, one by one. In 
the final task, the pupil draws the attention of rescue teams and succeeds in getting rid 
of the island. In every task of the game, the pupil is doing activities about fractions. If 
the pupil fails in these tasks, feedback is given. 
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Fig. 1. An example question: “How many meters to the opposite island?” 
 
Fig. 2. Another example question: “What fraction of the figure shown above?” 
User Interface: On the opening menu of the game, the scene which is the starting 
point of the scenario is used. This scene was designed to include walking for a while 
to start the game, so that the user is familiar with the movements and learns the navi-
gation menu before the game starts. The navigation in the game is designed in a sim-
ple and understandable way and supported with icons. 
Orientation and Navigation: The navigation is visible when the user looks down. 
There are walk, stop, main menu and restart buttons in the navigation (Figure 3 & 
Figure 4). The gaze-based movement control technique is used in the game. This 
technique allows the player to move in the direction being looked at. Some of the 
buttons are hidden in some scenes if not needed. Sparkles were placed on the targets 
to give clues to the pupils (Figure 5). 
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Fig. 3. Walk (Yürü), Stop (Dur), Restart (Yeniden Başlat) and Main Menu (Menü) buttons in 
the navigation 
 
Fig. 4. Backpack (Çanta) as an inventory button in the navigation 
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Fig. 5. Sparkles as a guiding element 
Audio Help System : In order to help the player, they are guided by the voice of 
the mysterious person in the script. These orientations help the player to focus on the 
goals. 
Tools: There are tools that the player needs to use in the game. Some basic objects 
can be used in the game to reach the goals. A backpack to collect materials to use 
later, footwear to move faster, a match box to light something, a rope to use in build-
ing a boat, a tent to stay at night are basic tools of the game (Figure 6).  
 
Fig. 6. Figure 6. Backpack (çanta) as an inventory panel 
Hardware and Software Setup: In the process of running the game, a smart 
phone (android), VR headset (cardboard) and headphones are used (Figure 7). It has 
been noted that the device used as a smartphone is in a level that meets the require-
ments of the game and is dimensionally compatible with the VR headsets. In terms of 
portability and applicability for use in a classroom environment, VR headsets, known 
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as cardboard, were preferred. Since these headsets work by placing a smart phone 
inside, they can be used in portable form. Headphones are used to transfer ambient 
sounds to the user. 
 
Fig. 7. The VR headset used in the classroom: A cardboard, a smart phone and a headphone 
The game is designed to work on the android operating system. During the devel-
opment phase, Unity 3D software was used with the Unity Personal free license, and 
because of resource richness, the C# coding language was preferred. The development 
of the game was done by the researcher. The 3D models and music included in the 
game were selected from free-to-use sources. 
2.3 Implementation 
This study was carried out in two 4th grade classrooms in a primary school in Sam-
sun, Turkey. The VR game was introduced to pupils as part of the fractions unit. All 
of the pupils experienced VR for the first time. All received five minutes introduction 
into the system consisting of an explanation of how to use VR headsets and how to 
move in the game. The pupils took five hours of mathematics lessons per week and 
before playing Keşfet Kurtul (the VR game) the pupils had been involved in a four-
hour lesson on fractions. The pupils played Keşfet Kurtul in the fifth maths hour of 
the week. The unit of fractions lasted four weeks and pupils played a chapter of the 
game every week. 
2.4 Data collection 
In this qualitative study, the major data gathering method involves primarily in-
depth interviews with participants. Interviews were held with participants after the 
unit of fractions was over. Our interviews with five pupils using Keşfet Kurtul lasted 
anywhere from 15 to 30 min, included a variety of set questions and probes that 
helped pupils describe their experiences in using the Keşfet Kurtul educational VR 
game. When the interview questions were prepared, flow theory was taken as the 
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basis and opinions were obtained from two field experts about the interview ques-
tions. After the interview questions were prepared, they were tested to ensure reliabil-
ity. 
2.5 Data analysis 
Data analysis proceeds through the methodology of reduction, the analysis of spe-
cific statements and themes, and a search for all possible meanings [11]. Interviews 
were audio-recorded and the records transcribed by the researcher. The recordings 
were analyzed by using qualitative content analysis. Codes, categories and themes 
were determined together with an expert. The terms of credibility, transferability and 
dependability determine the trustworthiness of the study [20]. Evidence for the validi-
ty and reliability of the study include; expert reviews, detailed descriptions, purposive 
sampling and audit trail. 
3 Results 
In order to determine the evidence of flow experience in the educational VR game, 
it has been evaluated in terms of challenge – skills balance, action – awareness merg-
ing, clear goals, unambiguous feedback, concentration on the task, sense of control, 
loss of self-consciousness, transformation of time and autotelic experience. The re-
sults also include the overall evaluation of the game. 
3.1 Overall evaluation 
Pupils were asked about the general ideas about the game and how they felt about 
it. Positive responses towards the VR game were received in the “What do you think 
about the game?” question directed to the pupils. It was found that all of the pupils 
shared a consistent point of view: that is, they considered the VR game as “a beautiful 
game”, “enjoyable” and “very good”. 
It's a beautiful game. Everything seems so realistic. 
“How did you feel during the game?” question asked in order to reveal what pupils 
felt while playing. It was seen that pupils were excited and entertained in the game. 
“I was excited when I first played the game because I was going to play a game 
with headsets for the first time. I also wondered about the game. Finally, I realized 
that it was a good game.” 
The pupils said they were excited about using the VR headsets for the first time. 
They continued to tell their feelings about the game.  
“Strange. For the first time in my life I was playing with virtual reality headsets. It 
was nice. It was fun, it was so nice to open the box by solving the questions. It's more 
fun with the questions.” 
The realism of the game is one of the basic elements that allows the player to con-
nect to the game. For this reason, pupils were asked questions about the realism of the 
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game. In these questions, concepts of realism [23], interaction, concentration [10], 
control [15, 16] and immersion/timelessness [10] are included.  
There are factors that affect the quality of the game, such as player skills [15], level 
of difficulty of the game [25], pupils’ focus on the tasks, and understandability of the 
tasks [10, 23]. Pupils were asked about challenge-skills balance, player skills, concen-
tration and clarity of tasks. 
3.2 Concentration on the task 
The pupils were asked the question “Did you focus on the tasks?” and the pupils 
said “yes”. A sample answer is as follows:  
“I was not distracted. I could focus on the tasks.” 
The pupils were asked the question “Were there any distractions in the game? If 
yes, what were those distractions?” and pupils consistently used expressions that 
mean "no".  
In another question, the pupils were asked “Have you interacted with the objects in 
the game?” and they said “yes”. When a pupil responded to this question, he used an 
expression about the reality of the game. He said “It felt as if it were real, everything 
has fallen away from the sky. Some things have disappeared.”. In this answer, the 
pupil actually talks about the realism of the story. 
3.3 Sense of control  
Players should feel a sense of control over movement and game controls [23]. The 
question "Could you control things in the game?" was asked to reveal the control 
feelings pupils had when playing. A sample answer is as follows: 
“I could do what I wanted to do in the game.” 
According to the responses, the pupils had a sense of control when playing the VR 
game.  
3.4 Transformation of time 
The element of flow often results in loss of sense of time [10]. With the question 
"Did you notice how the time passed?" asked to the pupils, information about the 
sense of time of the pupils was obtained. To emphasize that the time passed quickly, a 
pupil said, “Fridays were very quick. I did not understand how a lesson finished.”. 
Another participant pupil said that “I played this game for a very short time, but it 
took about 15 minutes.”. These responses show that the pupils’ sense of time had 
altered. 
3.5 Challenge – Skills balance 
Pupils were asked the question "What do you think about the tasks in the game?". 
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“There was tasks of fireworks and a boat... There was a radio task... The task of 
opening the boxes. Question solving. It was so beautiful.” 
“We threw fireworks. We set the frequency to turn on the radio. It was fun.” 
“It's good for the game to be hard, it's not enjoyable when it's too easy. It was not 
too hard and it wasn’t too easy.” 
Pupils did not find the tasks too easy or too difficult. Whether the questions are too 
difficult or too easy is important for the flow experience [23]. When the overall diffi-
culty level in the game was asked with the question "How was the level of difficulty?", 
it was determined that the pupils thought that the difficulty level of the game was 
normal. The pupils did not make any statement about the need to be helped to play the 
game. This shows that the game is suitable for the skills of players. 
3.6 Clear goals 
The question “Did you completely understand the tasks and focus on the tasks?” 
was asked to the pupils in order to get information about the clarity of the tasks and 
pupils' concentration on the game. 
“Sometimes I didn’t understand what to do, but this wasn’t often. I did not fully 
understand the task of tuning the radio frequency. I understood all the other tasks.” 
Pupils were asked about the question “Did you think you could not do the tasks?”, 
and detailed information about the difficulty of the tasks was obtained. 
“Some tasks were difficult. It's hard for me when I do not understand. For exam-
ple, the radio task was difficult. I did not understand it, so I struggled.” 
“There were moments when I had difficulty. The radio task, for example, was hard. 
I had a little difficulty on the radio. There was nothing else. I just struggled to do the 
radio task, that's all.” 
Pupils said that they had difficulty understanding the "radio" task. The “radio” task 
should be made clearer by making arrangements to achieve flow experience [10, 23]. 
3.7 Action-Awareness merging 
In interviews with the pupils, it was seen that there were answers about the action-
awareness merging dimension of flow theory. Pupils’ responses include expressions 
such as “I fell into water” and “I'm there now”. These explanations show that the 
pupils became absorbed in their activity. 
3.8 Loss of self-consciousness 
It was found that pupils used expressions which were coded as self-consciousness. 
Some expressions of pupils were as follows: 
“It felt like I was real.” 
“I felt like I was seriously lost on an island.” 
“I was in the water once. The voice said: ‘You have no chance to get there in the 
water.’ I mean, it was really realistic.” 
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When the answers were evaluated, it is seen that the loss of self-consciousness di-
mension is experienced while the game is being played. 
3.9 Unambiguous feedback 
It is important to give feedback on the necessary situation in a game [10]. Pupils 
were asked questions about feedback and orientations. It was seen that directions and 
feedback were positive for the pupils. The question “How were the orientations in the 
game?” was asked to pupils. The expressions “The man tells me where to go. I can 
say that he was good.” and “There is a man talking in the background… That was 
good.” indicates that the pupils were satisfied with the voice feedbacks (vocalization). 
It seems that the markers are functioning with the “There is a red light. I went to see if 
there's something there.” citation of the pupil. 
The pupils were asked “How realistic was the environment in the game?” and the 
answers were taken as follows: 
“I went into the sea. The man said: ‘You cannot swim to the other island.’ I mean, 
it was real. For example, I went to the cow. The man said: ‘You had better not disturb 
the cow.’” 
“What I find realistic is the questions follow from what we worked on earlier in the 
week. What I do not find realistic is the voice of the man in the background.” 
In the first sentence the pupil stated that giving voice feedback gives realism to the 
playing environment. In the second sentence, the other pupil admitted that the voice 
feedback negatively affects the reality of the game, and he / she stated that it was 
realistic to ask questions about the topics they had learned that week. In this case, the 
voice feedback should belong to another character or object in the environment. 
3.10 Autotelic experience 
Pupils' desire to do the activity again is interpreted as a sign of autotelic experi-
ence. When the interviews with the pupils are examined, it is seen that the pupils are 
very willing to play the educational virtual reality game again. Some of the expres-
sions used by the pupils are as follows: 
“How can I play the next part of the game?” 
“The game was so much fun. Can we play again, please?” 
The pupils’ willingness to play the game again is proof of the autotelic experience, 
but it also shows that the game is fun to play. 
When pupil responses are evaluated considering flow experience, positive respons-
es are seen in the overall evaluation, concentration on the task, sense of control, ac-
tion-awareness merging, loss of self-consciousness, transformation of time, unambig-
uous feedback and autotelic experience. However, it is seen that pupils have negative 
answers in the clear goals dimension. In the challenge-skills balance dimension, it is 
seen that the game has moderate difficulty. The responses in clear goals and chal-
lenge-skills balance dimensions relate only to one task, not to all tasks. 
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4 Discussion 
This study was carried out to evaluate pupils' experiences of flow in a virtual reali-
ty game by examining their comments. When the VR game was developed, properties 
of VR environments used in education [12], key points in the scenario for software 
[6], criteria for tasks [30] and flow theory elements [10] were taken into considera-
tion.  
The research question is “How do pupils interpret the experience they have with 
the educational virtual reality game according to the Flow Theory?”. The developed 
educational VR game "Keşfet Kurtul" is satisfactory when it is evaluated by the pupils 
in terms of the overall evaluation, challenge-skills balance, concentration on the task, 
clear goals, sense of control, action-awareness merging, loss of self-consciousness, 
transformation of time, unambiguous feedback and autotelic experience. In the di-
mensions of clear goals and challenge-skills balance, it seems that they only have 
difficulty in the "radio" task. Pupils are challenged in that tasks. This is because the 
tasks were not clear enough. By redesigning this “radio” task, an appropriate learning 
environment can be provided for the pupils as well as for other tasks of the game. In 
general, the educational VR game Keşfet Kurtul is a digital learning environment that 
pupils are quite happy to play. It has been determined that all tasks except the "Radio" 
task, and in general the game itself, provide flow experience. In addition, in the over-
all evaluation, it was found that the pupils enjoyed the game very much. 
The results obtained in some studies have included positive findings about the use 
of VR in education. Lau and Lee [24] stated that the pupils enjoyed their learning 
experiences during the lesson in the simulated VR. Chen [8] has shown that pupils 
who play in an interactive VR environment have a better understanding of abstract 
concepts. Çoruk and Çakır [13] concluded that VR is a tool that can be applied in 
mathematics units to increase the academic achievement of pupils. In a meta-analysis 
study run by Merchant, Goetz, Cifuentes, Keeney-Kennicutt and Davis, it is stated 
that the literature presents numerous advantages of using VR-based instruction for 
learning [26]. 
VR environments are suitable for learning by the pupils’ own experience. In future 
studies, different topics can be taught through similar scenarios and educational VR 
games. Keşfet Kurtul is a game that the pupils can play alone, but the game can be 
transformed into a multiplayer. Thus, pupils can participate in the same place on the 
island and interact with each other in the VR environment. In addition, the teacher can 
also be part of the game with their pupils. The teacher can take the place of the guides 
in the game. Apart from a multiplayer feature, many features can be added to the 
game. Experimental studies can be conducted on the effectiveness of Keşfet Kurtul. In 
experimental studies, different variables can be examined. 
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